Objective The study was conducted to investigate the role of qat and smoking habits on the prevalence of visible and cytological abnormalities in the oral mucosa among Yemenites. Methods We recruited 30 non-smoking and 30 smoking Yemenites chewing qat unilaterally for at least 5 years. We inspected oral cavities for the presence of lesions and took brush biopsies from the buccal mucosa/gingiva of the chewing/non-chewing region. Results All visible oral lesions were flat and homogeneous, and cytological changes were detected frequently. Among both non-smokers and smokers, white lesions and cytological changes were detected in 77 % of all cases. On the chewing area, the proportion with white lesions ranged-depending on anatomical area and smoking status-between 47 and 93 % and was significantly more frequent than on the non-chewing side (range 3-47 %). The proportion of regions with changes was similar in non-smokers and smokers. Kappa statistics for Binterobserver^agreement between visual inspection and cytological specimens of brush biopsies was at best fair (≤0.25).
Introduction
Chewing of qat leaves (Catha edulis) is common in certain countries of East Africa, such as Ethiopia, Kenya, Somalia, and Djibouti, and it is particularly common in Yemen [1, 2] .
Yemen has one of the highest age-standardized mortality rates for cancer of the lip or oral cavity in the world. Based on the 2008 data published by the GLOBOCAN database of the International Agency for Research on Cancer (IARC), Yemen ranks at number 28 of 184 countries, and for females even at 11th place [3] . The highly prevalent habit of chewing qat is one of the possible causes for the high oral cancer mortality in Yemen. Qat leaves contain alkaloids, tannis, terpenoids, and other compounds [4] . Cathine and cathinone are the most important alkaloid constituents of qat that have an amphetamine-like effect [1, 5] . Chewing qat induces psychological effects, such as euphoria and excitement [2] . Consuming qat includes storing (takhzeen) of leaves in the vestibule of the mouth for a few hours as well as chewing the leaves [2] .
While animal experiments on mice conducted in the early 1990s of the last century indicated that qat extract has a dosedependent effect on body weight and mortality [6] , early M. Hijazi and H. Jentsch contributed equally to the manuscript. epidemiological studies in humans concluded that qat was not significantly associated with oral leukoplakia [7] and had no particularly detrimental oral effects [8] . Thereafter, studies were published which indicated that qat chewing may have adverse effects on oral health, for example, attachment loss of teeth [9] , periodontitis [10] , and visible (white) changes of the oral mucosa [1, 9, 11] . Histopathological studies reported the occurrence of dysplasias (abnormal epithelial growth characterized by a spectrum of cytologic, maturational, and architectural changes) [12] . Qat chewers were compared to nonchewers and were found to have a higher prevalence of white lesions or atypias [1, 11, 13] . Between 22 and 83 % of chewers were reported to have white lesions but only between 1 and 16 % of non-chewers [1, 11] .
Due to the fact that some of the qat chewers chew the leaves preferentially on one side of the mouth, the impact of qat effects on the oral mucosa may be investigated by comparing the chewing side with the non-chewing side. Ali et al. have conducted two studies in that respect: In the first study, they found mild epithelial dysplasias in 25 % on the chewing side, but none on the non-chewing side [2] . In the second study, they identified dysplasias in 9 % of the oral mucosa on the chewing side among non-smoking chewers and again none on the non-chewing side [12] . However, to date, no published studies have reported the comparative frequency of lesions or cytological changes on the buccal and gingival side of the chewing and non-chewing side separately.
In the spectrum of studies that needs to be done to better understand the possible influence of qat on the development of oral cancer, it is important to separate the effects of qat from other potentially carcinoma-inducing habits, such as smoking, water pipe use (mada'a), chewing tobacco (shamma), betel nut (tumbol), and alcohol [10, 14] . Smoking and alcohol consumption are well-documented habits which may induce oral cancer [15] ; in addition, water pipe and smokeless tobacco use also have been linked to oral cancer [16, 17] . While Gorsky et al. reported no statistically significant association between the occurrences of white lesions and smoking [11] , Ali et al. observed 36 % white lesions in the oral mucosa on the chewing side among smokers, but only 9 % among nonsmokers [12] . The statistical power to detect a real difference in the latter study was low due to the few number of included participants (n = 11). Many Yemenites use water pipes; however, alcohol consumption should be neglected as the case in most Muslim societies. In the study by Ali et al., a third group was investigated on 11 qat-chewing pipe users. It was found that the dysplasia rate on the chewing side (45 %) was similar to that among the qat-chewing smokers [12] . To Bisolateĉ ancer risks incurred through the influence of qat or smoking, respectively, it is necessary to investigate the effects of qat and smoking in a stratified design.
The use of a nylon brush as a simple, non-invasive tool to collect cell samples from the oral epithelium has led to a renaissance of oral cytology [18] . In comparison to histopathology as the gold standard, the sensitivity of oral brush biopsies ranged from 79 to 97 %, while the specificity ranged from 95.1 to 99.5 % [19] [20] [21] [22] [23] . However, to our knowledge, no scientific paper has compared the Binterobserver^agreement between the two diagnostic methods brush biopsies (exfoliative cytology) and visual inspection in qat users. For example, while cytological changes may be present at regions where no lesion is visible, it may be also possible that visible lesions are detected without any substantiated cytological change. So, in this research, both clinical and cytological examinations have been investigated.
This study was conducted with the following objectives:
1. To measure the frequency of visible lesions and cytological changes among non-smoking Yemenite qat chewers in the following four areas: buccal and gingival part of the chewing region and gingival and buccal part of the nonchewing region 2. To measure the frequency of visible lesions and cytological changes among smoking Yemenite qat chewers in the same four areas as in (1) 3. To compare findings between chewing region and nonchewing region as well as between non-smokers and smokers 4. To assess the degree of agreement of visible inspection and cytology
Materials and methods

Recruitment of participants
This clinical study was approved by the ethics committees of the University of Leipzig (ref no. 241.11-11072011) and the University of Thamar in Yemen assuring compliance with the standards laid down in the ethical principles for medical research involving human subjects as formulated in the Declaration of Helsinki [24] . The study was performed at the outpatient clinic of the University of Thamar, Republic of Yemen, between February and March 2012. We recruited 30 non-smoking, but qatchewing participants and 30 smoking and qat-chewing patients. Participants had to be healthy adults who presented to the dental clinic for routine dental procedures unrelated to qatchewing habits such as operative, prosthetic procedures, or surgical extractions. To be included in the study, participants had to be chewers for at least 5 years, 3 days per week, and 3 h a day. In addition, all patients had to chew qat only on one side of the mouth; individuals who had the habit to chew qat on both sides were excluded. Shamma (smokeless tobacco), mada'a (water pipe), and tumbol (betel nut) users were also excluded. Volunteers were handed out an informational leaflet giving general information about the study, including data protection issues. Patients willing to participate signed a written consent form.
Clinical examination
The clinical examination was carried out using two disposable dental mirrors with the patient positioned on a dental chair. The examination of the oral mucosa started by inspecting the buccal mucosa on the internal surface of the cheek, followed by the inspection of the buccal mucosa and its continuation or extensions up to the upper vestibular mucosa. The buccal mucosa was reflected sufficiently and inspected carefully for any mucosal changes in color and texture on both sides of the mouth. The gingiva and its extension to the alveolar mucosa were also inspected carefully for any mucosal changes in color and texture on both sides of the mouth. Cautious bimanual palpation of all mucosal surfaces was performed to examine the underlying structure and to find out if the patient felt any pain.
White lesion (leukoplakia) was defined as patches with a white coating that could not be removed and could not be defined as any other disease entity according to the current WHO definition [25] . Next to white, also red lesions were recorded. Based on the profile, lesions were divided into flat, verrucous, and ulcerous. For each patient, the number of lesions was counted on the buccal and gingival mucosa, respectively. For the chewing and non-chewing side, the number of lesions were added, and the mean number was calculated over all smoking and non-smoking patients, respectively.
Brush biopsies and exfoliative cytology
Using a rigid nylon brush (e.g., ORCA-Brush, DGOD mbH, Leipzig, Germany) capable of taking transepithelial, representative cells [26] , at least two brush biopsies were taken from the chewing side as well as the opposite side yielding a total of four brush biopsies from each participant from four different anatomical areas. On either side of the mouth, one brush biopsy was taken from the buccal mucosa and one from the gingiva. The buccal part of the mouth refers to the internal surface of the cheek, whereas the gingival region means the gingival mucosa and its extension to the alveolar mucosa. In the case of visible lesions, care was taken to obtain cells from those areas as well. The brush was turned at least ten times around its axis to collect cells from the lesion. The epithelial cells were transferred to a glass slide, immediately fixated with an alcohol-containing spray (Merckofix, Merck, Darmstadt, Germany) to avoid desiccation. This procedure was repeated three or four times in order to collect a sufficient number of cells [26] . The slides were stained according to the method of Papanicolaou to be examined in a blinded fashion, so that the smoking status and other details of the participants were not known by the examiner. The following criteria were used [27] : (a) anisonucleosis, (b) hyperchromatic nuclei, (c) pleomorphism of cells, (d) increased nucleus/cytoplasm ratio, (e) atypical mitotic figures, and (f) no abnormality seen. A slide is qualified as Babnormal^when any criterion (a to e) is noted. We did not subdivide the grade of abnormality in order to anticipate the histological grade of oral intraepithelial lesion (OIN).The number of cytological abnormalities was summed up for the chewing and non-chewing side, respectively. Over all smoking and non-smoking patients, the mean number of cytological abnormalities were calculated.
Statistical analysis
Statistical analyses were performed by using Excel software (Microsoft Office, Seattle, USA) or the analytical software package STATA, version 12.0 (College Station, TX, USA). To measure the frequency of visible lesions (any mucosal change) and cytological changes (any change as defined above), we divided the number of participants with the respective characteristic through the number of participants for which this characteristic was assessed. These calculations were done separately for the four areas: buccal and gingival part of the chewing side as well as gingival and buccal part of the non-chewing side. This was done separately for nonsmokers and smokers. Because one side (chewing and nonchewing side, respectively) could have more than one visible lesion or cytological change, we also summed the number of visible lesions (and cytological changes) and averaged these by side over all participants. To assess the degree of agreement of visible inspection versus cytology, we calculated the interobserver agreement as the proportion of measurements where visible inspection and cytology agreed (for example, visible inspection: lesion present and cytology: abnormal), as well as kappa statistics [28] . Kappa statistics provide a measure for the degree of agreement taking in account the degree of agreement by chance alone. Values may be negative if agreement is worse than by chance; it is 0 if it is exactly as high as expected by chance and above 0 if it is higher than expected by chance. Values from 0.01 to 0.20 are considered as slight Bagreementâ nd 0.21 to 0.40 as fair agreement. Comparison of two categorical variables was assessed by chi-square test; numerical variables were compared using the (non-parametric) MannWhitney U test. p values of less than or equal to 0.05 were considered statistically significant.
Results
Descriptive analysis of patient and measurement data
Thirty non-smoking and 30 smoking chronic qat chewers were recruited for the study. Smoking participants had smoked for a mean of 17 years (range, 5-50 years) and indicated to smoke a mean of 18 cigarettes a day (range, 10-60) using 3 different brands of cigarettes: Rothmans, Kamaran light, and Royals. In both groups, 93 % of participants were male ( Table 1) . Most of the women have refused to participate due to society's culture. The median age among nonsmokers was 34 years and 35 years among smokers. In both groups, more participants preferred to chew on the right side, but the proportion of those chewing qat on the right side was significantly higher among non-smokers.
The results showed that visually only white (Fig. 1 ) or Bwhite and red^but no purely red lesions were detected (Table 2) . Overall, more than 90 % were white lesions only. Because all visible lesions had white portions, they were lumped together as Bwhite lesions.^In terms of surface profile, all detected lesions were flat; none was verrucous or ulcerous. Visually, 116 of 240 regions (48 %) had white lesions. Exfoliative cytology detected an abnormality in 120 of 238 slides (50 %) as can be shown in Fig. 2 , but did not in 118 (50 %). Two of 240 slides (1 %) could not be evaluated due to low numbers of collected cells on the slides. All slides with any abnormality showed a combination of hyperchromatic nuclei, pleomorphism of cells, or an increased nucleus/ cytoplasm ratio. No slide showed anisonucleosis or atypical mitotic figures. Additionally, there was no abnormal cytological report based on one single abnormal criterion.
Analyzed by patient, 53 (88 %) and 50 (83 %) of all 60 participants had at least one (white) lesion or at least one cytological abnormality, respectively; 57 (95 %) had either and 46 (77 %) had both.
Frequency of visible lesions and cytological changes among non-smokers in the four areas of the mouth Figure 3 depicts the proportion of non-smokers and smokers, respectively, with visible lesions (top) or cytological changes (bottom) in the four investigated regions of the mouth. Depending on the region, between 3 and 80 % of non-smokers had visible lesions (Fig. 3, top) . It was highest for the chewing side, and on either side it was higher on the buccal region than on the gingival region. In contrast, the proportion of nonsmokers with cytological changes ranged between 38 % (buccal non-chewing side) and 73 % (buccal chewing side; Fig. 3,  bottom) . The cheek of the chewing side had the highest proportion of visible lesions as well as cytological changes.
Frequency of visible lesions and cytological changes among smokers in four areas of the mouth
Among smokers, the proportion of areas with visible lesions ranged between 23 and 93 % (Fig. 3) . Otherwise, the order of regions according to the proportion of smokers with visible lesions as well as those with cytological changes was similar to that among the nonsmokers; the only difference was that the gingival mucosa on the non-chewing side had a higher proportion with visible lesions as well as cytological changes compared to e.g., the gingival mucosa on the chewing side. Again, the cheek of the chewing side was the region with the highest proportion of smokers with both visible lesions as well as cytological abnormalities.
Comparison of visible lesions and cytological changes between chewing side and non-chewing side as well as between non-smokers and smokers
The average of the sum of lesions on the chewing area (1.40) was significantly higher compared to the non-chewing area 3 (6) 1 (3) 1 (4) 1 (11) Red, n 0 0 0 0 Lesions, profile Flat, n (%) 52 (100) 32 (100) 23 (100) (Fig. 3, top) . The mean of the sum of cytological changes was also higher among the biopsies taken from the chewing side (1.15) than on the non-chewing side (0.85), but the difference was not statistically significant.
Among non-smoking and smoking qat chewers, 83 % (25/30) and 93 % (28/30), respectively, had white lesions (p = 0.23). Cytological changes were seen in 90 % (27/30) of non-smokers and 77 % (23/30) of smokers (p = 0.19). Comparison of the mean number of lesions or cytological changes per participant did not differ significantly by smoking status (Fig. 3, bottom) . The pattern of the distribution of proportions of visible lesions and cytological changes, respectively, was very similar among non-smokers and smokers: in all anatomical regions, smokers (compared to non-smokers) had higher proportions of lesions (Fig. 3, top) , but lower proportions of cytological changes (Fig. 3, bottom) . However, 95 % confidence intervals between non-smokers and smokers overlapped consistently indicating a lacking statistical significance.
Degree of agreement of visible inspection and cytology
Overall, the proportion of cytologically abnormal slides was only slightly higher among the slides taken from a white lesion compared to regions without (56 vs. 46 %; p = 0.12). The highest proportion of cytologically abnormal slides was found among those taken from white lesions at the buccal epithelium of the chewing side (75 % (39/52)) ( Table 3) . Regarding the four different anatomical regions, the degree of agreement between visual inspection and histology ranged between 47 and 73 %. Kappa was overall 0.1 (slight agreement). In addition, it was 0.25 for the cheek of the chewing side (fair agreement), but below 0 for the other three regions, i.e., less than expected by chance. 
Discussion
This study examined the influence of chewing qat among nonsmokers and smokers in four anatomical regions of the mouth. Overall at least 77 % of study participants had at least one visible (white) lesion or cytological abnormality. Among all four anatomical regions, the buccal part of the chewing side had the highest proportion of white lesions and also the highest proportion of cytological abnormalities, both in nonsmokers and smokers. No significant differences were found between non-smokers and smokers. The chewing side had a significantly higher proportion of white lesions, but a nonsignificantly higher proportion of cytological changes. The degree of interobserver agreement (kappa value) between visual inspection and cytological examination was at best fair. We found a very high overall frequency of mucosal changes among all qat chewers. This might be in part due to the study entry requirement of having chewed for at least 5 years and a minimum of 3 days a week. Our results compare well with those from Schmidt-Westhausen [29] as well as Gorsky [11] . Schmidt-Westhausen et al. reported that 75 % of Yemeni women who chewed qat habitually for at least 5 years had white lesions on the chewing side (vs. 6 % on the opposite side). Gorski et al. found that 83 % of persons chewing qat for at least 3 years had white lesions (compared with only 16 % among non-chewers). However, it contrasts for example to the study by Ali et al. [12] , who examined Yemenites having chewed qat for at least 10 years and found white lesions in 5 (23 %) of 22 individuals (11 smoking, 11 non-smoking) only. Reasons for these differences are unclear, but may theoretically be related to differences of effects by type of qat, an unknown selection bias, confounder, or due to chance.
We investigated in detail how increasing distance from the buccal mucosa on the chewing side impacts the prevalence of mucosal changes in other parts of the mouth. The results did not show a clear trend as a function of distance, in regard neither to white lesions nor cytological changes and regardless of smoking status. Nevertheless, the proportion of lesions or cytological changes was higher on the chewing side, and on that side, it was consistently highest on the buccal part. This suggests that it is the buccal part of the side where the patient has chewed qat is the most affected, perhaps mainly due to friction. It is surprising that the proportion of white lesions and of cytological changes is still high on the non-chewing side, this may be due to the fact that persons who indicate that they chew only on one side sometimes also chew unknowingly on the other side as well. Another explanation might be that chemicals of the leaves or chemical additives lead to mucosal changes in all areas of the mouth [1, 11] .
In this study, smoking did not make any differences as a potential risk factor for the prevalence of mucosal changes. This is in agreement with the study by Schmidt-Westhausen et al. [29] and Gorsky et al. [11] , but in contrast to another study published by Ali et al. in 2007 [12] . In the latter report, white lesions were observed in 36 % (4/11) on the chewing side of smokers and in 9 % (1/11) of qat-chewing nonsmokers. Schmidt-Westhausen had investigated the frequency of white lesions among Yemeni women and reported that the frequency of white lesions was significantly correlated with the duration of qat chewing, but not with the duration of smoking [29] . Gorsky et al. found a prevalence of white lesions among 84 % of smoking qat chewers and 80 % of nonsmoking qat chewers (p value for difference >0.05), but only 20 % of smoking non-chewers and 13 % of non-smoking nonchewers [11] . Gorsky et al. concluded that this finding Bsupports a direct association between oral white mucosal plaques and khat chewing.Â mong all slides taken, the probability to find cytological changes was about 50 %, but it differed hardly between the areas where the specimens were taken from showed white lesions (56 %) or not (46 %). The only exception was white lesions at the buccal epithelium of the chewing side; the agreement reached 73 % with a kappa value of 0.25.
The high proportion of cytologically altered specimens from seemingly inconspicuous areas may be surprising. However, it is known that cytopathological changes may be present in areas in which there is no clinical evidence of an oral lesion on visual examination alone [30] . In the study reported by Christian, 7 (8 %) oral brush biopsy results taken from 93 visible lesions were classified as Babnormal^(six as Batypical^(with Bepithelial changes of uncertain diagnostic significance^), one as frankly Bdysplastic^) [31] . Three of the six individuals with atypical findings underwent scalpel biopsy and showed dysplasia in two (33 %) and had a benign diagnosis in one; the one brush biopsy result that was Bpositive^for dysplasia was later confirmed by scalpel biopsy to be dysplastic, resulting in an overall percentage of 3 dysplastic samples (3 %) among 93 visible lesions. These data highlight how sensitivity of oral brush biopsies would drop if clear-cut dysplasia is taken as threshold for positive cases.
From this kind of data, the prevalence of oral dysplasia among Yemenite men can be roughly estimated. Chewing qat is extremely frequent and reaches 90 % among men [32] , the prevalence of any visible lesion among qat chewers was 88 %, the proportion of abnormal cytological results among visible lesions was 56 % (Table 3) , and the probability of a dysplasia among brush biopsies classified as Babnormalî s 33 % [31] ; the prevalence of male Yemenites with oral dysplastic changes can be estimated conservatively as 90 % × 88 % × 56 % × 33 % = 15 % Moreover, the clinical management of chronic qat chewers with lesions who are unwilling to give up chewing qat remains a challenge. In countries like Yemen, the prevalence of the habit and the prevalence of both visible lesions and cytological abnormalities are so high that a regular short-term followup is unrealistic. However, even the exact role of qat on the oral mucosa remains unclear and demands further research. For example, the effect of qat on the oral mucosa may be purely mechanical inducing frictional keratosis. On the other hand, recent in vitro studies have found that qat induces apoptotic cell death [33] and modulates the cell cycle [34] giving rise to the hypothesis that these effects may act also in vivo facilitating malignant transformations. Thus, although epidemiological data suggest a role of qat for the high oral cancer death rate, further, both experimental/laboratory as well as epidemiological research is needed to clarify this link with certainty. Since the oral cancer mortality among women is particularly high in Yemen [3] and qat chewing is not as prevalent as among men [35] , epidemiological studies among women may give important clues on the potentially causal role of qat for oral cancer.
Conclusion
In conclusion, chewing qat is associated with a high prevalence of both white lesions and cytological changes, particularly on the chewing side. The underlying mechanism likely involves both frictional as well as others, such as chemical factors. The proportions of samples demonstrating abnormalities were very similar among smokers and non-smokers in all four regions no matter if just detected by inspection or cytology. The fact that visual inspection was at best fair predictor for cytological changes and that many cytological changes occur at regions where no lesions were visible complicates clinical management of chronic qat chewers. Thus, the clinical management should still be based on the presence or absence of dysplasia and the degree of dysplasia. Future studies have to show that oral brush biopsies including adjuvant techniques (e.g., DNA cytometry) may be suitable as a screening tool in the clinical setting.
